Construction projects, even exemplarily planned and organized, bear a risk of unforeseen events and problems which can result in completion of the works after the deadline, that is delays. The construction of bridges is an inseparable part of road and rail projects and construction and expansion of the transport network. The paper aims at finding a relationship between the independent variables characterizing bridge projects and the delays during their implementation. Two alternative models were proposed to solve the problem: logit and probit. The data set comprising road and rail bridges built in Poland in the last 12 years (2005 -2017) was used to build the models.
INTRODUCTION
A successful completion of a construction project means that it is finished within the cost budget, in time, according to the planned quality, is delivered safely and meets the customer's requirements.
There are many papers devoted to the analysis of construction projects in terms of time [16, 24] , costs [18, 28, 32, 40] , logistics [43] , process organizational aspects [12, 13, 14, 19, 22, 26, 37, 38] , work safety [15] , innovative solutions [19] and project contracting [23] . There are many factors affectingthe course of a construction project in time, and frequently they can be foreseen already at the works planning stage. These are, i.e. project technical parameters, applied technological and organizational solutions. There is also a group of factors that are difficult to foresee, such as weather, breakdowns, incompetence of contractors. The occurrence of such factors may cause the contractual completion date to be exceeded [27] . The delay causes can be divided into two groups [27] : justified and unjustified, and the responsible party (the party bearing the consequences) can be either the Employer or the Contractor. The unjustified delays are a separate group, and usually are attributed to the Contractor. In such case the Contractor is not authorized to extend the time for completion and to receive remuneration. The Contractor-dependent factors are related mainly to the availability of resources, supervision and experience [27] . Many studies conducted in developed and developing countries have shown that delays in construction works are a common and frequently recurring problem in the implementation of construction projects [45] . The studies on identification of delay causes have been conducted, inter alia, in the United States [6] , in the United Kingdom [33] , in Saudi Arabia [2] , in Thailand [45] , in Turkey [20] and in Slovakia [31, 34] . More than 100 factors were identified as a result of these studies. The most frequently indicated delay causes included: insufficient Contractor's experience, errors in design documentation, design modifications at the implementation stage, Employer's problems with project financing, slow decision making on the part of the Employer, unrealistic time schedules. A few attempts to identify the causes of delays in construction projects have been also made in Poland [17, 21, 27, 30] . The studies presented in [29] and [30] conducted among the contractors indicated that that errors in design documentation, slow decision making on the part of the Employer, and poor quality site management are the main reasons of delays in construction projects. In [11] the authors presented the opinions of employers according to whom the main delay causes include errors in design documentation, low quality workforce, and unfavorable weather. In [30] the authors selected groups of factors which result from contractual provisions and can be diagnosed already at the pre-contract stage. In [5] it was proved that the most important delay-generating factors are errors in design documentation, poor cooperation between the Employer and the Contractor, and unfavorable weather. The authors proposed also various methods to analyze the factors causing the delays: factor analysis [11] , cluster analysis [29] , Dematel method [8] , flexible operation strategies [39] . These studies prove a huge interest in the problem of construction project delays among scholars, but the vast majority of the papers deals with identification and grouping of delay causes. Models and methods have been proposed in the literature to effectively estimate the construction project duration [7, 10, 23, 41, 42] , but there is a lack of proposals of models to forecast the delay duration. Among the few, one can indicate [3, 4] in which the authors use the Artificial Neural Networks to estimate a credible duration of construction projects.
Construction of bridges has a significant impact on the success of road or rail projects. The bridges are necessary to establish the continuity of transport routes and cross the obstacles. In most cases, the bridges are a part of a larger project involving the construction of a road which throughput they are to ensure. They are crucial points, often milestones for the Contractor.
The purpose of this paper is to solve the classification problem. The essence of the analysis is to search for the relationship between the independent variables characterizing bridge projects and the delays during their implementation.
MODEL CONCEPT
Classification is data exploration method which aim is to assign individual cases to appropriately defines classes whose number is limited. Each object is described by means of an information vector consisting of values from the domain of certain descriptive attributes and of one selected attribute called the decision attribute [36] . Its value divides the set of objects into predefined classes consisting of objects which have the same decision attribute value. The classification process is a construction of a model involving the search for a relationship (preferably a functional relationship) between the decision attribute and the descriptive attributes.
The research involved the search for a binomial model in which the explained variable Y is quantified by a dichotomic value (taking one of the two possible values). It was assumed that variable Y takes two possible variants defined by the codes: "YES" for occurrence of delay, and "NO" for absence of delay (the labels should equate with values 1 and 0, respectively). If pi is the probability of event Yi=1, then 1-pi is the probability of event Yi =0 and the expected value of variable Yi is:
In binomial models it is assumed that pi is a function of the explanatory variables values vector xi for the ith object and parameters vector β:
Depending of the type of function F, there are inter alia logit models (2.3) and probit models (2.4).
In order to build the classification model first it is necessary to create the database of cases and define the descriptive attributes (model input variables) and the decision attribute (output variable quantified by means of a dummy variable).
DATABASE CONSTRUCTION AND DEFINING THE MODEL VARIABLES
The data from the database were taken from the analysis of design documentation and documents from the design and implementation stages of road and rail bridges built in Poland during 12 years (2005-2017). The information in database included the project implementation parameters, parameters of bridges, and the size of delay (if any). The data about 169 bridge projects were collected, including 48 projects without delays, and 121 with delays. In order to make the sizes of delayed and non-delayed subsets roughly equivalent, the half of cases were randomly removed from the delayed subset. Finally, 109 cases were used in the regression analysis. Delay in months ΔT was defined as follows:
where:
Tplan -planned duration of a bridge construction, Tact -actual duration of a bridge construction. In variables whose original data were of a categorical type, a pseudo-fuzzy scaling to the interval <0.1 -0.9> was used; the scaling method is also shown in the tables. In numerical variables, the linear scaling of original values to the interval <0.1 -0.9> was used. Table 3 presents the basic descriptive statistics of variables used in the regression after data scaling and the values of coefficient of variation Ʋ calculated according to the formula:
-standard deviation of the sample for variable Xj, -mean value for variable Xj. 
CONSTRUCTION AND EVALUATION OF PROPOSED MODELS

LOGIT AND PROBIT REGRESSION
The logistic regression analysis and its variety, the probit regression, are indicated in the literature among the most widely used methods of solving the classification problem [1, 9] . The logistic regression model (so-called logit model) is used to explain qualitative variables depending on the level of explanatory variables (qualitative or quantitative). The explained variable Y generally takes two values 1 and 0, representing two opposite events, e.g. a phenomenon occurred/ did not occur, which in the discussed case means: the delay in the bridge construction occurred/ did not occur [1, 25, 35] :
where: In the probit model, the probability value is determined by the normal distribution function:
ESTIMATION OF QUALITATIVE VARIABLE
An attempt was made to estimate the binomial qualitative variable ("YES" for occurrence of delay, and "NO" for absence of delay) and to find out which factors and with what weight and in what direction affect the construction project delay. Structural parameters of the logit and probit models βj, as given in the equations 2.6 and 2.7, were computed with the use of STATISTICA TM -an advanced analytics software package (Table 4 ). Positive sign of model structural parameter βj indicates that an increase of a variable increases the probability of variable Y being 1 (YES). The negative sign indicates that an increase of a variable increases the probability of value 0 (NO). For example, an increase of variable X4 -Construction
Cost, increases the probability of delay, whereas an increase of variable X8 -Number of Spans increases the probability that delays will not occur.
The models were evaluated based on classification effectiveness expressed as the number of correctly identified cases. The summary, in the form of accuracy matrix, is presented in tables 5 and 6. The comparison of both models indicates that the logit model gave slightly better results (75% of correctly identified cases). The odds ratio of probability of Yi = 1 to probability Yi = 0 is higher in the logit model and equals 9.3. This means that this classification is slightly more than nine times better than a classification that could be expected from chance.
The developed regression model can also be verified using the analysis of residual values. Analysing the residuals [44] , one can quickly and effectively detect possible deviations from the correct regression analysis and indicate outlying observations. The first step included the plotting of residuals normality chart in order to obtain a graphical check of residuals normality for both models (Fig. 2 The results allow a visual evaluation of residuals conformity with normal distribution. Although in the lower part the points slightly depart from the straight line, in their majority they lie along the straight line, thus confirming the normality of residuals distribution.
CONCLUSIONS
The authors have proposed the logistic regression and the probit model to search for relationships between the bridge construction parameters and construction delays. The explained variable Y in the model had two possible variants described by codes "YES" for occurrence of project delay and "NO"
for absence of delay. The results of models evaluation were similar, but the logit model have slightly better results (75% of correctly identified cases). Its classification correctness was better in class "1" -delay (84%) than in class "0" -no delay (65%). Please note that the proposed models allow a classification of the explained variable Y which is quantified by means of a dichotomic value (taking one of the two possible values). The authors are planning an attempt to classify the delay duration, not only the mere fact of delay occurrence. This requires using different tools, e.g. Artificial Neural
Networks. 
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